day nine. On the other hand, those in the quillaja saponin fed group also began to die on day three, but a higher sur vival rate, 60%, was maintained until day seven, which then decreased to 40%. The amount of hsp60 expressed in the kidney of yellow tail after the challenge with E. seriolicida was determined by Western blot analysis (Fig. 1) . In the control group (without saponin feeding or bacterial challenge), the level of hsp60 was low for three days, but hsp60 was expressed highly in the bacterial challenge groups: In the control (without saponin feeding) of challenge groups the amount of hsp60 reached a peak on day one, then decreased; in the quillaja saponin-fed group the amount was also maximum on day one, with a 30% higher level than in the control of the challenge group, and the level did not decrease sig nificantly until day three; in the beet saponin-fed group hsp60 was induced earlier, i.e. at three hours after the challenge, and produced continuously until day three to a high level. These results showed that beet saponin seems to promote hsp60 induction, which was due to the bacterial infection, and that both saponins are effective for main taining the hsp60 level in the kidney. The liver and spleen of yellowtail were analyzed by the same method, however, hsp60 was not detected in these tissues under the condi tions used. Then, we examined the growth of E. seriolicida in liver, kidney and spleen of fish in the control (without saponin feeding) of challenge groups, and found that bac terial growth was the highest in the kidney on day three af ter the challenge (data not shown), as we had expected, be cause the bacterial infection stress must induce hsp60.
Hsp60 is called "chaperonin", which interacts with ear ly intermediates in the protein folding pathway, and guarantees the acquisition of the native structure of newly synthesized protein.7,8) Takeda et al. 9) showed that the ac tivities of oxygen-scavenging enzymes (superoxide dis mutase, catalase and glutathione peroxidase) increase in kidney and spleen of yellowtail after bacterial challenge, and that quillaja saponin feeding results in an increase in Mn-superoxide dismutase (Mn-SOD) activity following the challenge. The increases in the activities of these en zymes were thought to reduce the oxidative stress due to this disease. The promotion of hsp and active oxygen scavenging systems by pre-feeding of saponins may help to terferon-y, suggesting the involvement of hsp60 in cellular immune systems. Therefore, the hsp induction by saponin feeding may facilitate the activation of the host immune mechanism.
To confirm that the hsp60s detected on Western blot analysis really originated from the fish, and not from the bacterium, we compare the hsp60 from yellowtail with that from E. seriolicida. Bacteria are exposed to oxidative stress due to the low level of oxygen in fish tissues and the active oxygens produced by the cellular immune system of the host. Under these conditions hsps will be induced in bacterial cells. Therefore, E. seriolicida cells were incubat ed with various concentrations (0-2 mm) of H202 prior to analysis to simulate the oxidative stress in tissues and were analyzed by Western blot analysis. The mobility of the hsp60 band for the fish was different from those from E. seriolicida cells. These results suggest that the hsp60s de tected in kidney originated from yellowtail and was in duced by bacterial infection stress.
In conclusion, the feeding of saponins enhanced the host defence system by inducing hsps and elevating the hsp level, which led to the higher survival rate after the bacteri al challenge. It seemed that the maintenance of a high level of hsps reduced the extent of stress in tissues.
